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Visibility

Visibility is the fundamental observable for interferometric imaging

Visibility is related to the object irradiance distribution via the
van Cittert—Zernike theorem

Visibility is generally complex, viz. I = Vei¢
In optical/IR interferometry, “visibility” frequently refers to the
visibility amplitude: V = [T

To get the true object phase requires either phase referencing or
closure phase



Measuring Visibility

Visibility Amplitude
(or just visibility)
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Measuring visibility

* Visibility is just the contrast of the spatial fringe pattern

* Most measurement schemes involve converting the spatial pattern
to a temporal pattern

— We know how to measure the contrast of an electrical sinusoid

— These are all variants of schemes used for phase shifting
interferometry for optical testing.

» Options
* Step or continuous scanning (blurring, settling)
° 4, 6, or 8 bins (match sin wave, #reads)
* Triangle or sawtooth waveform (#reads, retrace time, overlap)
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Fringe measurements

Timing varies with wavelength so that
each time bin corresponds to A/4 at
the wavelength of interest
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Signal-to-noise ratio

Visibility SNR
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Coherent vs. incoherent estimation

* Incoherent estimation (sum the energy)
— Combine many independent estimates of V2

— At PTI, we combine 5 spectral channels for 125 sec at 50-100
samples/sec

» Increases final SNR by ~200
» Scatter on 25 sec points allow estimation of internal errors
— Doesn’t help photon starved condition



Coherent vs. incoherent estimation

* Coherent estimation (sum the phasors)
— Use a phase reference to measure the phasor rotation
— Derotate the fringe phasor
— Sum the fringe quadratures together

— No improvement over incoherent estimator when shot noise
limited

» Some disadvantage due to extra biases
— Use to get out of photon starved regime
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Signal-to-noise ratio with averaging and
coadding
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SI=L
Conclusion

°* “Visibility” is the modulus of the complex visibility

* You typically measure it by converting a spatial fringe pattern to a
temporal one

— Becomes a matched-filter problem

* When photon starved, SNR behaves worse than YN
* (Calibration is important

— Background & dark current

— Read noise and photon noise

— Detector imperfections and offsets

— Atmospheric and systematic effects
* Fibers are good

* Almost everything reduces visibility



